AbstrAct background Alcohol is a risk factor for ill health and reduced life expectancy, but little is known about the impact of alcohol on mortality for people with existing long-term conditions. We used primary care data from the Clinical Practice Research Datalink (CPRD) to study relationships between alcohol consumption and all-cause mortality among general practice patients with long-term conditions. Methods Data were accessed from a sample of 125 general practices from the CPRD database. Adult patients with long-term health conditions, a record of alcohol consumption in CPRD and at least 1 year of follow-up data between 2000 and 2014 (n=95 991) were matched to the Office for National Statistics (ONS) mortality register. results In Cox proportional hazards regression models, mortality was higher for patients consuming 25-34 units of alcohol per week (HR 1.26, 95% CI 1.12 to 1.42) and 35 units or more (HR 1.71, 95% CI 1.51 to 1.94), compared with those drinking 1-7 units per week. Patterns of mortality risk were the same for men and women. Heavy drinking increased mortality risk in combination with smoking (HR 4.04, 95% CI 3.41 to 4.79) and high levels of deprivation (HR 3.01, 95% CI 2.40 to 3.79). conclusions Heavier drinkers with long-term conditions are at significantly greater risk of death than lighter drinkers. The findings support the UK Chief Medical Officers' guidance on having similar low-risk alcohol consumption guidelines for men and women. More needs to be done to tackle alcohol consumption among patients with long-term conditions.
IntroductIon
Alcohol consumption places a major burden on population health and health services. It is associated with over 200 health conditions, contributes to 5.9% of deaths globally 1 and is the fifth greatest risk factor for ill health and reduced life expectancy in the UK, 2 with over one million alcohol-related hospital admissions recorded annually in England. 3 Annual costs to the National Health Service (NHS) are estimated to be £3 billion, 4 and overall costs to society in excess of £20 billion. 5 An estimated 23 000 deaths per annum in England are wholly or partly attributable to alcohol: 65 per 100 000 men and 29 per 100 000 women. 3 General practitioners are well placed to identify and help people with alcohol problems, particularly patients with long-term conditions who regularly interact with the practice. However, evidence suggests that opportunities for timely intervention with patients are being missed: levels of screening for excessive alcohol consumption are low, 6 7 with less than one in 10 excessive drinkers receiving any advice about their alcohol consumption. 8 Important uncertainties persist about how to intervene on alcohol in general practice due to weaknesses in available evidence. 9 Research in primary care has been significantly enhanced by the availability of anonymised individual patient databases, which allow analysis of the routine management and health outcomes of large samples of patients. However, previous studies based on primary care databases have focused on single alcohol-related diseases (such as alcoholic cirrhosis), 10 identification of alcohol use disorders 6 or have simply included alcohol as a covariate in analyses of other health problems. Patterns of consumption are rarely studied in primary care databases, and only one study has addressed associations between alcohol consumption and health outcomes. 11 In this retrospective cohort study, we used the Clinical Practice Research Datalink (CPRD) to examine the relationship between levels of alcohol consumption and all-cause mortality among a sample of general practice patients with long-term conditions. This patient population is already at increased risk of mortality, and our aim was to quantify the additional risk associated with alcohol consumption.
Method data source
CPRD contains anonymised information on patients' diagnoses, tests, treatments, prescriptions and referrals. We accessed a sample of 125 general practices from the CPRD database. Practices were selected to be nationally representative in terms of area deprivation and list size. Up to 2500 patients with one or more long-term conditions (including cancer, coronary heart disease, diabetes and hypertension) were randomly sampled from each practice. The final CPRD dataset used in this study contains records for 305 033 patients. All-cause mortality data were obtained from linked Office for National Statistics (ONS) mortality registration data (for patients eligible to have a death registration record).
Alcohol
CPRD dataset. These were extracted from clinical data files, and specific information on drinking status and weekly units consumed (1 UK unit is defined as 8 g of alcohol) was obtained from a matched additional data extract. For each patient with alcohol consumption data, the most recent alcohol record during the follow-up period was selected. CPRD records drinking status as 'yes', 'no' and 'ex'. Patients recorded as drinkers but consuming zero units and those recorded as non-drinkers were combined for the purposes of these analyses (after confirming similar levels of mortality). Where alcohol consumption data were missing, the most recent available record was used. Nevertheless, a substantial proportion of patients recorded as drinkers did not have a weekly alcohol consumption measure, and these patients were retained and recorded as missing in our analyses to avoid selection bias. We restricted our analysis to adults (≥18 years), with a long-term condition diagnosis recorded during the follow-up period and at least 1 year of follow-up data starting from 1 January 2000, the date of registration at a participating practice or the date at which the practice was recorded as 'up to standard', whichever was later (the up to standard date is the date at which a practice is deemed to be of sufficient research quality to be included in CPRD). The final sample comprised 95 991 patients. These patients were followed up until they transferred out of the practice, until death,or to the end of the study period (30 November 2014), whichever was earlier. 12 applied to patient postcode, with quintile 5 representing greatest deprivation; smoking status, using the most current available smoking record and categorised as smoker or non/ex-smoker; and the presence or absence of each long-term condition: cancer, coronary heart disease, chronic kidney disease, chronic obstructive pulmonary disease (COPD), dementia, depression, diabetes, epilepsy, heart failure, hypertension, severe mental illness and stroke.
statistical analysis
All-cause mortality rates for patients categorised by their alcohol consumption were modelled with Cox proportional hazards regression under three conditions. The first model adjusted for age and age 2 . The second model adjusted for age, age 2 and sex. The third model adjusted for measured covariates as follows: age, age 2 , sex, the presence or absence of long-term conditions recorded during the study period (see table 1), deprivation and smoking status. All Cox regression models were adjusted for clustering by practice (with robust standard errors) and HRs with 95% CIs were calculated. Interaction terms were added to the full models, for alcohol consumption and smoking, and alcohol consumption and deprivation. Interactions were evaluated with Wald tests. The proportional hazards function assumption was tested by inspection of Schoenfeld residuals plotted against log(time). Sensitivity analyses were conducted to: (1) compare findings with a missing alcohol consumption category to those which used multiple imputation to handle missing data and (2) limit the follow-up period to April 2004 onwards when the Quality and Outcomes Framework financial incentives scheme was introduced into primary care. For the former, we created five imputed datasets including outcome status and all potential confounders. Cox proportional hazards models were fitted to each dataset and estimates combined using Rubin's rules. 13 All analyses were conducted with Stata V.14.
results characteristics of the sample and unadjusted mortality rates
The demographic and clinical characteristics of the sample are described in table 1. The largest groups were patients who consumed small amounts of alcohol (1-7 units per week; 30%) and patients categorised as non-drinkers (29%). Patients in the heavier drinking categories were younger on average and much more likely to be male: four out of five patients in the 35+ weekly units category were male compared with one-third of non-drinkers. There was also a clear association between alcohol consumption and smoking, with the proportion of patients recorded as current smokers increasing with consumption, up to 43% among those drinking 35+ units per week.
Of the two highest prevalence health conditions in the sample, there was no clear relationship between drinking alcohol and hypertension, but for depression, the highest rates were found for the heaviest drinking group and among ex-drinkers. A greater proportion of ex-drinkers, non-drinkers and the 35+ units group were from areas in the most deprived fifth of areas. The profile of patients with missing alcohol data most closely resembled the non-drinking category, particularly in terms of demographic characteristics.
A total of 13 796 patients died during the study period. Crude all-cause mortality rates per 1000 patient-years fell with increasing alcohol consumption among low level drinkers, but as drinking increased above 25 units per week for men and women, so did the death rate (table 2). The highest rates were for non-drinkers and ex-drinkers, and rates were lower for women than men (with the exception of the ex-drinker category).
Alcohol and risk of mortality
We used Cox proportional hazards models to calculate HRs for each alcohol consumption group, with the reference category being patients who consumed 1-7 unit units of alcohol per week (table 3) . Adjusting for age and age 2 (model 1), HRs increased with consumption, peaking at 2.29 (95% CI 2.03 to 2.59) for patients consuming 35 or more units per week, compared with patients consuming 1-7 units. Adjusting for age, age 2 and sex (model 2), there was little increased risk of mortality up to 15-24 units per week, but risk increased sharply at higher levels of consumption. There was a similar pattern after controlling for all study covariates (model 3), but increased risk was attenuated at higher consumption levels: the HR for the 35+ units per week group was 1.71 (95% CI 1.51 to 1.94). In all three models, mortality risk was highest for patients drinking 35+ units per week. Rates were elevated in all models for ex-drinkers, non-drinkers and for patients with missing data.
Covariates in model 3 associated with significantly increased risk of mortality were age (HR=1.02, 95% CI (see online supplementary table S2 ). In both cases, associations between categories of drinking and mortality risk were consistent with those found in the main analyses.
Given the large differences in the proportions of men and women in the drinking categories, separate analyses were conducted for male and female patients (table 4) . Although a substantially greater proportion of women were non-drinkers or low-level drinkers, the pattern of mortality risk for the alcohol consumption groups was similar. Risk was significantly increased for non-drinkers and ex-drinkers, patients drinking 35+ units and for patients with missing data among women. The age adjusted HR for the 25-34 units group was higher for both men and women but did not reach statistical significance in the full model for women.
Analysis of interactions
In the fully adjusted model for all patients, statistically significant interactions were found between alcohol consumption and smoking status (p<0.001) and between alcohol and deprivation quintiles (p<0.001). Separate and combined effects for alcohol and smoking are shown in table 5. Heavier drinking increased mortality risk independently of smoking status, but mortality , Index of Multiple Deprivation quintiles, current smoking status and the presence or absence of the following long-term conditions: cancer, coronary heart disease, chronic kidney disease, chronic obstructive pulmonary disease, dementia, depression, diabetes, epilepsy, heart failure, hypertension, severe mental illness and stroke. , sex, Index of Multiple Deprivation quintiles, current smoking status and the presence or absence of the following long-term conditions: cancer, coronary heart disease, chronic kidney disease, chronic obstructive pulmonary disease, dementia, depression, diabetes, epilepsy, heart failure, hypertension, severe mental illness and stroke. 
dIscussIon
This study provides evidence that heavier drinkers among adult NHS general practice patients with long-term conditions die younger than lighter drinkers, independent of the influence of a range of possible confounders, including the conditions that characterise the study population. All-cause mortality increases among men and women drinking above 24 units, compared with those drinking at lower levels, but the risk of dying is particularly pronounced among drinkers of both sexes drinking above 35 units per week. Mortality is also elevated among both non-drinkers and ex-drinkers. Smoking and deprivation both increase mortality risk separately, and each modifies the effects of alcohol consumption, increasing the risk of all-cause mortality. These findings are consistent with previous studies of alcohol, smoking and mortality [14] [15] [16] and alcohol, deprivation and mortality. 17 18 This study analysed over 13 000 deaths among a large sample of primary care patients. The scientific value of all-cause mortality as an outcome in relation to alcohol consumption continues to be debated, 19 though its importance to policy-making, and to broader considerations of alcohol's effects on public health and society, is clear. 20 We have no reason to be concerned about information bias in ONS data used as the outcome. However, as with all studies based on primary care data bases, we are reliant on accurate and consistent recording of explanatory variables by practices. Missing data are an acknowledged weakness of CPRD, which may bias analyses and/or require complex methods of imputation. 21 A significant proportion of patients in our analysis had missing alcohol consumption data. We adopted the approach of most previous CPRD studies by including a missing category in our models, finding mortality rates among those with missing data to be high. The sensitivity analysis using multiple imputation found similar results. It was notable that 64% of patient with missing alcohol data were female, suggesting gender-related differences in patterns of clinical enquiries and/or under-recording, as found in previous studies. 10 We analysed the most recent record of alcohol consumption available in the dataset in order to present a parsimonious and clear account of the relationship between drinking and mortality. We do know that drinking is a behaviour that varies considerably over time, and multiple measures of drinking are available in the dataset. Completeness of recording for lifestyle variables in CPRD has improved, 21 especially after introduction of the Quality Outcomes Framework, so more recent records may be more accurate (the sensitivity analysis supported the findings of the main analysis). The approach we adopted means that misclassification bias is likely; as heavy drinkers become sicker, they may reduce or cease drinking. We are also aware that the CPRD relies on patient reports of alcohol consumption, and these substantially under-estimate levels of consumption, 7 meaning that reporting bias is also likely. Both will systematically bias findings of alcohol's contribution to mortality towards the null, meaning that the observed effects here are highly likely to be underestimates of the true effects. Risks to health associated with drinking patterns, as opposed to overall consumption levels, were not accounted for in this study. Unmeasured variables may impact on the observed estimates, and there is a possibility that there are important sources of residual confounding that would lead to overstatement of the effects of drinking on mortality.
Previous primary care database studies have not addressed the full spectrum of unhealthy alcohol use, studied levels of consumption or investigated a range of health conditions. The findings of this study provide real-world evidence from primary care that is broadly confirmatory of the alcohol epidemiological evidence base. Whether there is a j-shaped relationship with all-cause mortality in which small doses of alcohol offer cardio-protective benefits has been a key concern. 11 20 22 The choice of non-drinking reference categories has been shown to be particularly problematic as usually these comprise ex-drinkers or 'sick quitters', whose mortality risk is as high as heavier drinkers. 20 For these reasons, we separated confirmed ex-drinkers from those who were not drinking any alcohol at the time of consultation, an approach supported by the observed high mortality rate of the former. It seems likely that only some of these non-drinkers will be lifetime abstainers, and others, for example, may have been advised to abstain to reduce symptoms of concern or to avoid drug interactions.
Using consumption rates of 1-7 UK units per week (mean 8 g of ethanol per day or less) as the reference category enabled analysis of the effects of increasing consumption on risk of death among drinkers, and we found that mortality risk did increase with increased consumption. In line with the revisions made in the Chief Medical Officers' alcohol guidelines, 23 we found a pattern of risk that was similar for men and women, but mortality was elevated for patients drinking over 24, rather than 14, units per week. The increased mortality risk from drinking alcohol in populations living with long-term health conditions could result from greater susceptibility to the direct toxic effects of alcohol, or via exacerbation of chronic conditions themselves, or both. These hypotheses warrant investigation in studies of specific causes of death, across and within common long-term conditions, and that use measures of drinking and changes in consumption patterns over time.
conclusIons
Our findings pose important questions for general practice and the NHS as a whole about what is currently being done to reduce avoidable deaths due to alcohol. There were an estimated 23 000 alcohol-related deaths in 2014 in England, and over the past 20 years, the numbers of deaths have continued to increase. 3 This is in contrast to Scotland where deaths have reduced by approximately one-third from their peak levels around a decade ago. 24 The years of life lost in England in 2015 were estimated to be 301 000 compared with 360 000 for tobacco (alcohol kills fewer people but at much younger ages). 3 The comparison with tobacco is instructive. Since the Smoking Kills white paper of 1998, 25 the NHS has led a wider societal response that has effectively reduced the population burden. A similar response for alcohol has been lacking, yet taking action on alcohol fits well with the aspiration to deliver a radical upgrade in prevention called for in the NHS Five Year Forward View.
